Biochemical factors can play an important role in regulating gene expression in human umbilical vein endothelial cells (HUVECs), yet the role of biophysical factors during this process is unknown. Here, we show that physical cues, in the form of parallel microgrooves on the surface of cell adhesive substrates, can change the morphology of HUVECs as well as specific microRNA expression. Cells cultured on microgrooved poly (dimethyl siloxane) (PDMS) surface exhibited a more elongated morphology relative to those cultured on flat surfaces, and favored outgrowth along the axis of groove alignment. The level of microRNAs in the cell was screened by miRNA microchip and verified by qRT-PCR. The result showed that around 26 microRNAs have been modified significantly, among which miR-21 level was dramatically elevated. Western-blotting analysis demonstrated that PTEN, a target of miR-21, was up-regulated in HUVECs with elongated morphology. Cell apoptosis level was significantly decreased, with was associated with the increasing of miR-21 level. These results suggested that biophysical factors can directly modify HUVECs morphology, thus induce miR-21 expression in HUVECs and its downstream biological functions such as decreasing apoptosis. This study provided evidence that surface microtopology should also be considered in designing biomaterials in tissue engineering application.
Introduction
In tissue engineering material research field, biochemical modification is the most popularly applied approach to enhance the material in tissue repair and regeneration [1] - [3] . However, they usually cause ethical problems and unfavorable side-effects. Stu- dies have shown that physical factors were also capable of regulating cellular behavior.
Mechanical forces play an important role in regulating vascular signaling and gene expression in endothelial cells (ECs) to modulated cell morphology, migration, growth, proliferation, apoptosis and so on [4] . For example, blood sheer stress could modulate apoptosis in HUVECs by overexpression of miR-21 [5] . In addition, study from Downing et al. demonstrated that cell morphology change by substrate microtopology could enhance cell reprogramming by histone acetylation and methylation [6] .
Since post-transcriptional regulation of genes expression was involved in most cellular processes. Expression level of miR-10a was reported to be downregulated in atherosusceptible regions of the aorta and related to inflammation [7] [8] . Some articles illustrated that miR-19a could be rapidly induced by shear stress [9] and miR-146a, miR-155 were related to inflammation [10] [11] . Considering cell migration, there are several articles reported about miR-29 [12] - [14] and miR-150 [15] .
To elucidate the role of biophysical factors in regulating endothelial functions, we used the culture substrate with micro-grooves to physically change the shape of endothelial cell. We focused on the change of the miR-21 expression to reveal the role of microRNAs in regulating HUVECs function.
Methods

Cell Culture
Human umbilical vein endothelial cells (HUVECs) were purchased from Sciencell. The cells were cultured in ECM (Sciencell) consisted of 5% fetal bovine serum (FBS), 1% penicillin/streptomycin, and 1% endothelial growth factors provided by the manufacturer. Cell at passage 4 to 8, were seeded on the PDMS membrane for 3 days before proceeding to the following experiments.
Lithographic Silica Wafer and PDMS Membrane
To create patterned membranes with parallel microgrooves (10 μm in width and 3 μm in depth, with 10 μm distance between each groove), we used microfabrication techniques [16] . Poly (dimethyl siloxane) (PDMS) was prepared according to the manufacturer protocol (Sylgard 184, Dow Corning, Midland, MI), spin-coated onto the patterned silicon wafers to desired thickness (~250 μm), degassed under vacuum, and cured at 70˚C for 2 h [17] .
The resulting micropatterned membranes were removed from the template, cut to appropriate dimensions and thoroughly washed and sonicated before use. The surface topography of micropatterned PDMS membranes was examined by scanning electron microscopy (SEM) [18] .
Immunohistostaining
Antibody against β-catenin and phalloidin-fluorescein conjugate was obtained from
Abcam and AAT Bioquest, respectively. DAPI was obtained from Beyotime Biotechnology. The immunohistostaining of HUVECs was examined by Confocal Laser Scan-ning Microscope TCS SP5II (Leica).
Total RNA and microRNA Isolation
We isolated total RNA and microRNA using TRIzol plus RNA Purification (Invitrogen) and miRcute miRNA isolation kit (TIANGEN) respectively following the manufacture's instruction.
microRNA Microchip and qRT-PCR Analysis
PureLink® miRNA Isolation Kit (Ambion) was used to purify microRNA which then collected to run miRNA microchip (Oebiotech Co. Ltd). The chip applied in this experiment was Agilent Human miRNA (8*60K) and analyzed by Feature Extraction software (version10.7.1.1) and Genespring software (version13.1) by Agilent Technologies.
For qRT-PCR, first-stand cDNA synthesis and quantitative assessment of microRNA was measured using miRNA first-strand cDNA synthesis kit and miRNA qPCR detection kit (CYBR green) from Tiangen, respectively. RNU6-2 was used as a normalization control in all miRNA measurements. Primers used were listed as shown in Table 1 .
SuperReal PreMix Plus (SYBR Green) was used to determine the mRNA level by using the GAPDH as a normalization control. The sequences of primer were shown be- The qPCR was run on 7900HT Fast Real-Time PCR system (Applied Biosystems).
Western Blotting Analysis
Whole Cell Extraction kit (Chemicon) was use to collect protein from HUVECs. Pro- 
Results and Discussion
HUVEC Morphology Change Upregulates miRNA-21 Expression
To assess whether topography might influence the expression of microRNA, HUVECs were seeded onto flat PDMS membranes (F) or those fabricated with parallel microgrooves of 10 μm width and spacing (G). The SEM images of PDMS membranes with or without 10 μm micro-grooves were shown in Figure 1(A) . Phalloidin staining demonstrated that microgroove substrates had a pronounced effect on HUVEC alignment. (Figure 1(B) ). In general, cells cultured on microgrooves exhibited a more elongated morphology relative to those cultured on flat surfaces, and the stress fibers was also parallel to the axis of groove alignment. The nuclear elongation was also observed. In addition, we applied microRNA chips to screen the expression levels of we measured the expression level of a number of miRNAs, however, we observed that microgroove topography significantly increased the expression of these miRNAs ( Figure   2 (B)). Among these microRNAs, miR-21 was increased significantly after culturing on microgroove topography.
miR-21 Overexpression Modulates Apoptosis in HUVECS
According to related articles, miR-21 was demonstrated to involve in modulating the decrease of apoptosis in different adult tissues, such as HUVECs. We hypothesized that the increase of miR-21 expression caused by grooved materials could lead to the decrease of apoptosis. To test this hypothesis, HUVECs were cultured on grooved and flat PDMS; and then the protein was collected to test the expression of Procaspase-3 and cleaved caspase-3. The activation of caspase-3 was tested to confirm the apoptosis of HUVECs. Caspase family is important in the process of apoptosis, especially Caspase-3.
When apoptosis happens in cells, caspase-3 will active and divide into two small sub-units (12KD and 17KD). Procaspase-3 expression levels increased and cleaved caspase-3 (17KD) expression levels decreased in HUVECs cultured on grooved PDMS in 
Conclusions
1) The morphology of HUVECs can be changed by fine-tuning the surface topography of the material they attach.
2) HUVECs could sense the subtle changes in its morphology and response in multiple ways including cytoskeleton related proteins and microRNA expression.
3) In tissue engineering, biophysical factors are also possible to affect the apoptosis of the cells.
